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Adverse Childhood Experiences
and the Risk of Diabetes:
Examining the Roles of Depressive
Symptoms and Cardiometabolic
Dysregulations in the Whitehall II
Cohort Study

Diabetes Care 2018;41:2120-2126 | https://doi.org/10.2337/dc18-0932

OBJECTIVE

Adverse childhood experiences (ACEs) are associated with an increased risk of
diabetes in adulthood. However, the potential mediating roles of depression and
cardiometabolic dysregulations in this association are not clear.

RESEARCH DESIGN AND METHODS

Prospective data were from the Whitehall Il cohort study, with the phase 5
assessment (1997-1999) serving as baseline (n = 5,093, age range = 44-68
years, 27.3% female). ACEs were retrospectively reported at phase 5. Depressive
symptoms (Center for Epidemiologic Studies Depression Scale) and cardiometa-
bolic dysregulations (inflammation, central obesity, HDL cholesterol, triglycerides,
impaired fasting glucose, and hypertension) were examined at phase 7 (2002-2004).
Incident diabetes was examined at phases 8-11 (2006-2013) via self-report and
blood samples. Participants reporting diabetes prior to phase 8 were excluded.
Statistical mediation was examined with path analysis using structural equation
modeling. ACEs were modeled as an observed continuous variable, whereas de-
pressive symptoms and cardiometabolic dysregulations were modeled as latent
variables. Unstandardized probit regression coefficients with 95% Cl are reported
for mediation analysis.

RESULTS

ACEs were associated with an increased likelihood of diabetes, with every addition
of ACE associated with an ~11% increase in odds of diabetes (odds ratio 1.11 [95%
Cl 1.00, 1.24], P = 0.048). In mediation analysis, ACEs were indirectly associated
with diabetes via depressive symptoms (indirect effect 0.03 [95% CI 0.02, 0.04],
P < 0.001) and cardiometabolic dysregulations (indirect effect 0.03 [95% CI 0.01,
0.05], P = 0.03).

CONCLUSIONS

This study provides further evidence of the detrimental psychological and phys-
iological effects of ACEs and suggests that depression and cardiometabolic dys-
regulations may be pathways linking ACEs with diabetes in adulthood.

Diabetes Care Volume 41, October 2018

Check for
updates

Sonya S. Deschénes,? Eva Graham,**
Mika Kiviméki,* and Norbert Schmitz¥%3

Department of Psychiatry, McGill University,
Québec, Canada

2Douglas Mental Health University Institute,
Québec, Canada

3Department of Epidemiology and Biostatistics,
McGill University, Québec, Canada
“Department of Epidemiology and Public Health,
University College London, London, U.K.

Corresponding author: Sonya S. Deschénes,
sonya.deschenes@mail.mcgill.ca.

Received 27 April 2018 and accepted 16 July 2018.

This article contains Supplementary Data online
at http://care.diabetesjournals.org/lookup/
suppl/doi:10.2337/dc18-0932/-/DC1.

© 2018 by the American Diabetes Association.
Readers may use this article as long as the work
is properly cited, the use is educational and not
for profit, and the work is not altered. More infor-
mation is available at http://www.diabetesjournals
.org/content/license.


https://doi.org/10.2337/dc18-0932
http://crossmark.crossref.org/dialog/?doi=10.2337/dc18-0932&domain=pdf&date_stamp=2018-09-05
mailto:sonya.deschenes@mail.mcgill.ca
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc18-0932/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc18-0932/-/DC1
http://www.diabetesjournals.org/content/license
http://www.diabetesjournals.org/content/license

care.diabetesjournals.org

Adverse childhood experiences (ACEs),
such as physical abuse, household vio-
lence, family dysfunction, and paren-
tal mental health and substance abuse
problems (1), have been linked to the
emergence of mental health conditions
and chronic physical diseases in adult-
hood (1-4). ACEs are retrospectively
reported by approximately one in two
adultsinthe U.S. (1), U.K. (5), and Canada
(6), although prevalence rates differ ac-
cording to the type of experiences as-
sessed. A dose-response relationship
has been found between a greater num-
ber of ACE categories reported and an
increased likelihood of experiencing
chronic diseases (1) and depression (2) in
adulthood.

Diabetes is a chronic health condition
affecting ~9% of the global population
(7), with prevalence rates rapidly rising
(8). Recently, the literature relating ACEs
to diabetes has been reviewed and sug-
gests that ACEs are associated with an
increased risk of diabetes in adulthood
(4). For instance, one study conducted
across 10 countries in the Americas,
Europe, and Asia found that the retro-
spective reporting of 3 or more ACEs out
of a total of 11 surveyed was associated
with an ~59% increase in the odds of
diabetes in adulthood compared with
those without ACEs (9). Another study
of low-income primary care patients in
the U.S. demonstrated that a greater
number of ACEs was associated with an
increased risk of diabetes in adulthood
in a dose-response manner (10). A meta-
analysis of seven cross-sectional and
prospective studies found a statistically
significant pooled odds ratio (OR) of
1.32 for the association between experi-
encing one or more ACEs and diabetes
(12).

Indirect evidence suggests that de-
pression in adulthood may mediate the
association between ACEs and diabetes.
Meta-analyses have shown that elevated
depressive symptoms or clinical depression
are associated with a 24-60% increased
risk of developing diabetes compared
with low depressive symptoms (12-14).
In addition, individuals who experience
ACEs are more susceptible to adult
mental health conditions (1,2,15). For
instance, Felitti et al. (1) found that
those with four or more ACEs, out of
a total of seven, were 4.6 times more
likely to have had a depressive episode
in adulthood compared with those

reporting no ACEs. Reporting only one
ACE was also associated with a 50% in-
creased likelihood of depression com-
pared with reporting no ACEs in this
study. Associations between ACEs and
depression in adulthood have been re-
ported by others (2,16-18). Although
studies have demonstrated links be-
tween ACEs and depression in adult-
hood, and between depression and
the later development of diabetes, it
is not clear whether depression medi-
ates the association between ACEs and
diabetes in later life. Mediation occurs
when one variable is thought to influ-
ence variation in an outcome variable
indirectly via one or more intervening
variables (19). A meta-analysis of the
associations between childhood mal-
treatment and later obesity, a risk fac-
tor for diabetes (20), suggested that the
strength of this association was attenu-
ated when depression was included as
a covariate (21), which might indicate
some degree of mediation, although
this was not directly examined. Child-
hood socioeconomic disadvantage has
also been found to be associated with
increased odds of prediabetes and di-
abetes via the indirect effects of de-
pression, as well as adult adiposity and
physical inactivity (22). However, this as-
sociation has not yet been examined
with a broader range of ACEs.

It has also been posited that ACEs
may impact later development of disease
via immune and metabolic dysregula-
tions (23). Meta-analyses have shown that
the metabolic syndrome, characterized
by a cluster of three or more cardiomet-
abolic dysregulations (central obesity,
systemic inflammation, adverse triglycer-
ide levels, low HDL cholesterol, hyperten-
sion, and impaired fasting blood glucose
levels), is associated with an approx-
imately three- to fivefold increased risk
of developing diabetes (24). ACEs are
associated with metabolic syndrome and
a greater likelihood of systemic inflam-
mation in adulthood (15,25). Therefore,
cardiometabolic dysregulations may be
another pathway linking ACEs with di-
abetes in adulthood.

Taken together, there is evidence
linking ACEs with the risk of diabetes
in adulthood, although a better under-
standing of the potential pathways be-
tween ACEs and diabetes is needed. The
association between ACEs and dia-
betes in adulthood might not be due
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to a direct effect of ACEs on diabetes
but may rather be accounted for by an
indirect effect via different psycholog-
ical and biological pathways. Based on
the research findings suggesting that
ACEs are associated with depressive
symptoms and cardiometabolic dys-
regulations in adulthood, and that both
depressive symptoms and cardiometa-
bolic dysregulations are risk factors for
diabetes, we hypothesized that depres-
sive symptoms and cardiometabolic dys-
regulations may be pathways linking
ACEs with the risk of diabetes in later
life. However, to our knowledge, no prior
studies have simultaneously examined
these potential associations in one lon-
gitudinal pathway model.

Accordingly, the aim of the current
study was to simultaneously examine
the potential mediating role of depres-
sive symptoms and cardiometabolic
dysregulations in the associations be-
tween ACEs and the risk of diabetes with
prospective data from the Whitehall II
cohort study. Prior studies that have
examined ACEs in the Whitehall Il cohort
study found that maternal separation
for 1 year or more during childhood (26)
and early life stressors (27) were associ-
ated with hypothalamic-pituitary-adrenal
axis functioning in adulthood, and
that ACEs were associated with an in-
creased risk of hazardous alcohol con-
sumption in midlife in a dose-response
manner (28). However, the associations
between ACEs and diabetes and po-
tential mediators of these associations
were not examined. We tested the
hypothesis that depressive symptoms
and cardiometabolic dysregulations in-
dependently mediate the association be-
tween ACEs and incident diabetes in
adulthood.

RESEARCH DESIGN AND METHODS

Study Population

Data were from the Whitehall Il cohort
study, a prospective study of 10,308
British civil servants between the ages
of 35 and 55 years that began in 1985.
The data collected include questionnaire
data (collected every 2—3 years), anthro-
pometric assessments, clinical measures,
and biological samples (collected every
5 years). Detailed information about
the Whitehall Il study design can be
found elsewhere (29,30). The study was
approved by the University College Lon-
don ethics committee and participants
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provided informed consent at baseline
and at each follow-up assessment.

Measures

Diabetes status was assessed using cri-
teria from the American Diabetes Asso-
ciation (31) and was based on either a
self-reported physician diagnosis of di-
abetes, use of antidiabetic medication,
fasting plasma glucose levels =7.0
mmol/L, or a 2-h oral glucose tolerance
test =11.1 mmol/L, observed during at
least one follow-up wave.

ACEs were retrospectively reported
during the phase 5 assessment with the
question “did any of the following things
happen during your childhood (that is,
up until you were 16)?” Participants
responded to each childhood event
with “yes” or “no” answers. ACEs in-
cluded hospitalization for four or more
weeks, parental divorce, unintentional
parental unemployment, parental men-
tal illness or problematic alcohol con-
sumption, physical abuse by someone
close, exposure to frequent paren-
tal arguments or fights, being in an or-
phanage/children’s home, and maternal
separation for 1 year or more. A sum-
mary score for the total number of
ACE categories experienced (0-8) was
calculated.

Depression was measured by the
Center for Epidemiologic Studies De-
pression Scale (CES-D) (32). The CES-D
is a 20-item scale that assesses the
extent to which depressive symptoms
were experienced in the past week. Each
item is rated on a 0-3 scale, with total
possible scores ranging from 0 to 60.
Higher scores reflect a greater sever-
ity of depressive symptoms. Internal

reliability of the CES-D in the current
study sample was good (« = 0.88).

Cardiometabolic dysregulations were
based on several cardiometabolic char-
acteristics, including central obesity
(waist circumference =102 cm in men
and =88 cm in women), low levels of
HDL cholesterol (<1.03 mmol/L in men
and <1.30 mmol/L in women), high tri-
glyceride levels (>1.7 mmol/L), poor
glycemic control (fasting blood glucose
>5.6 mmol/L), and hypertension (blood
pressure >130/85 mmHg), defined ac-
cording to the criteria for metabolic
syndrome (33). Systemic inflammation
assessed by C-reactive protein (CRP)
levels =3.0 mg/L was included as an
additional cardiometabolic characteris-
tic. Participants with three or more ab-
normal cardiometabolic characteristics
were considered to have cardiometa-
bolic dysregulations (33).

Design

Questions about ACEs were adminis-
tered during the phase 5 wave of data
collection (1997-1999). The CES-D and
cardiometabolic risk factors were as-
sessed during the phase 7 wave of data
collection (2002-2004). Phase 7 was
the first phase to include the CES-D.
Incident diabetes was assessed at phase
8 (2006), phase 9 (2007-2009), and
phase 11 (2012-2013), hereafter re-
ferred to as the follow-up period.
Phases 8 and 11 included self-reported
assessments of diabetes, but not OGTT,
whereas phase 9 included both self-
report and OGTT assessments of diabe-
tes. Phase 10 (2011) was not included
because it consisted of a pilot study
using a smaller sample of participants.

Table 1—Whitehall II cohort study participant characteristics at baseline

Phase 5: sample included in the current
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The study population with available
data at baseline consisted of partici-
pants with complete data on ACEs at
phase 5 (n = 7,100), CES-D at phase 7
(n = 6,012), at least one metabolic risk
factor at phase 7 (n = 7,136), and with-
out prevalent diabetes at phase 7 or
earlier (n =570 excluded), leaving a total
baseline sample of n = 5,206. A total of
113 (2.2%) participants were considered
to have been lost to follow-up because
they did not have information on di-
abetes status at any of the phases
8-11. The final sample included in the
current study was thus n = 5,093. De-
scriptions of the included sample and
the complete Whitehall Il baseline sam-
ple (phase 5 for the current study) are
presented in Table 1.

Statistical Analysis

Descriptive and frequency statistics
were generated for continuous and cat-
egorical sociodemographic and lifestyle
variables. Univariate associations be-
tween depressive symptoms, metabolic
risk factors, and ACEs were examined
using logistic and linear regression anal-
ysis. ORs or unstandardized regression
coefficients with 95% ClI are reported
for binary outcomes and continuous out-
comes, respectively.

To examine statistical mediation, a
path analysis using structural equation
modeling with mean- and variance-
adjusted weighted least squares with
robust SE (WLSMV) estimation, which
can handle nonnormally distributed data
(34), and 6 parametrization was used.
The model tested the direct effect of
ACEs at phase 5 and the risk of diabe-
tes at follow-up, as well as the indirect

Phase 5: complete sample

Characteristic study (n = 5,093) (n = 7,870)
Age, years 55.4 (5.9), 44-68 56.0 (6.0), 44-69
Female sex 1,389 (27.3) 2,397 (30.5)
White ethnicity 4,782 (93.9) 7,186 (91.4)
Married/common-law 3,924 (79.9) 5,425 (78.4)
High school diploma or higher degree 3,271 (65.0) 4,724 (62.2)
Currently smoke 458 (9.1) 760 (10.5)
Alcohol use frequency daily or more 2,045 (40.7) 3,143 (44.6)
Sleep 6 h or less per average weeknight 2,004 (39.8) 2,928 (41.2)
BMI, kg/m? 26.0 (3.8), 16-48 26.2 (4.0), 15-48
Parental history of diabetes 407 (8.4) 733 (9.8)

Data for age and BMI are presented as means (SD), range. All other data are presented as n (%).
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effect of ACEs on the risk of diabetes ACEs and diabetes, without cardiomet- using Stata version 14.0 and MPlus ver-
in adulthood via depressive symptoms  abolic dysregulations included in the sion 7.4 (37).

and cardiometabolic dysregulations at model. A second model estimated the

phase 7 (34). ACEs were modeled as a indirect effect of cardiometabolic dys- RESULTS

continuous variable. Cardiometabolic regulations in the association between The average age of the sample was 55.4
dysregulations were modeled as a la- ACEs and diabetes, without depressive  years (SD 5.9) at the phase 5 baseline
tent variable based on the indicator symptomsincludedinthe model.Afinal assessment,and 27.3% (n=1,389) were
variables CRP, waist circumference, model simultaneously estimated thein- female. The average follow-up time was
HDL cholesterol, high triglycerides, im- direct effects of depressive symptoms 8.7 years (SD 1.5). Sociodemographic
paired fasting glucose, and hypertension. and cardiometabolic dysregulations in  and lifestyle characteristics of the sam-
Depressive symptoms were modeled as  the association between ACEs and di- ple are presented in Table 1.

a latent variable based on each of the abetes (Fig. 1). Unstandardized probit A total of 344 (6.75%) participants
20 CES-D items as indicator variables. A regression coefficients with 95% Cls are  developed diabetes during the follow-
latent variable approach was chosen, as  reported (34). Good model fit was in- up period. The number of ACEs experi-
latent variables reduce measurement er-  dicated by a comparative fit index (CFl) enced ranged from zero to seven, with
ror and allow for variable reduction (35). value =0.90 and a root mean square 43.8% (n = 2,232) of the sample expe-
A path model was first conducted to error of approximation (RMSEA) =0.08 riencing at least one ACE and 1.8% (n =
estimate the indirect effect of depressive  (36). Model paths were adjusted for 89) experiencing four or more ACEs. Table
symptoms in the association between age and sex. Analyses were conducted 2 describes the proportions of each ACE

CESD- CESD- CESD- CESD- CESD- CESD- CESD- CESD- CESD- CESD-
1 3 5 7 9 11 13 15 17 19
CESD- CESD- CESD- \ CESD- CESD- CESD- CESD- CESD- CESD- CESD-
2 4 6 8 10 12 14 16 18 20
Depressive symptoms
phase 7
0.04** — 0.70**

~.

New diabetes

E -0.03
ACEs phase 5 phase 8 — 11
0.04* 0.68**
Cardiometabolic
dysregulation phase 7
0.50 1.58 1.23 1.54 0.67 1.00 (reference)
Wai -
Hypertension HDL cholesterol Triglycerides . aist Fasting blood C-reactive protein
circumference glucose

Figure 1—Results of the mediation model for the association between ACEs and the risk of diabetes in adulthood as simultaneously mediated by
depressive symptoms and cardiometabolic dysregulations in adulthood. Values are unstandardized probit regression coefficients. A variable presented
in a circle represents a latent variable, whereas a variable presented in a rectangle represents an observed variable. The indirect path of ACEs to
diabetes via depressive symptoms was statistically significant (0.03 [95% CI 0.02, 0.04], P < 0.001), as was the indirect path of ACEs to diabetes via
cardiometabolic dysregulations (0.03 [95% Cl 0.01, 0.05], P = 0.03). Model paths control for age and sex. A sensitivity analysis that included a covariance
between depressive symptoms and cardiometabolic dysregulations demonstrated poorer model fit than the main model, although interpretation
of path coefficients for mediation analysis was similar to that in the main model. *P < 0.05; **P < 0.01.
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Table 2—Proportion of each ACE reported

ACE category n (%)
Parental arguments 973 (19.8)
Parental divorce 202 (4.1)
Parental mental illness or alcohol abuse 309 (6.3)
Parental unemployment 521 (10.6)
Physical abuse 119 (2.4)
Long-term hospitalization (4 weeks or more) 612 (12.4)
Orphanage during childhood 73 (1.5)
Separated from mother for 1 year or more 603 (11.9)

category endorsed. The ACE category
most frequently endorsed was paren-
tal arguments (19.8%), and the ACE cat-
egory least frequently endorsed was
having lived in an orphanage during
childhood (1.5%). The strongest asso-
ciation between each ACE category
was found between parental arguments
and parental mental illness or alcohol
abuse (see Supplementary Table 1 for
correlations between each ACE cate-
gory). The mean depressive symptom
score was 7.90 (SD 7.59, range 0-60).
A total of 719 (14.12%) participants had
at least three cardiometabolic dysreg-
ulations (20% had high CRP, 21% had
high fasting blood glucose, 21% had
high triglycerides, 41% had hyperten-
sion, 10% had low HDL cholesterol, and
16% had a high waist circumference).

In unadjusted analyses, ACEs were
associated with an increased likeli-
hood of developing diabetes during the
follow-up period, with every addition of
ACE associated with an ~11% increased
odds of diabetes (OR 1.11 [95% CI 1.00,
1.24], P = 0.048). A greater number of
ACEs was also associated with increased
depressive symptoms (b = 0.02 [95%
Cl 0.01, 0.02], P < 0.001). The associa-
tion between ACEs and cardiometabolic
dysregulations defined by the metabolic
syndrome was not statistically signifi-
cant, although it was in the direction
indicative of risk (OR 1.07 [95% Cl 0.99,
1.16], P = 0.087). Continuous increases
in depressive symptom scores were
associated with incident diabetes (OR
1.02 [95% Cl 1.01, 1.04], P = 0.002), and
cardiometabolic abnormalities defined
by the metabolic syndrome were asso-
ciated with an ~5.7 times increased
likelihood of diabetes (OR 5.68 [95%
Cl 4.51, 7.15], P < 0.001). When car-
diometabolic dysregulations were mod-
eled as a latent variable in a regression
analysis, significant associations were

found between cardiometabolic dysreg-
ulations and ACEs (b = 0.02, P = 0.05) as
well as diabetes (b = 1.80, P < 0.001).
Similarly, when depressive symptoms
were modeled as a latent variable in a
regression analysis, significant associa-
tions were found between depressive
symptoms and ACEs (b = 0.04, P <
0.001) as well as diabetes (b = 0.03,
P = 0.004).

Mediation Model With Depressive
Symptoms Only

Results of the mediation model con-
ducted with depressive symptoms as
the only potential mediator included
in the model demonstrated that ACEs
were indirectly associated with an in-
creased risk of diabetes in adulthood via
depressive symptoms. ACEs were pos-
itively associated with depressive symp-
toms (path coefficient 0.04 [95% Cl 0.03,
0.05], P < 0.001), and depressive symp-
toms were associated with an increased
risk of diabetes (path coefficient 0.32
[95% Cl 0.15, 0.48], P = 0.001). The
indirect effect of depressive symptoms
(indirect effect 0.01 [95% Cl 0.01, 0.02],
P = 0.002) was statistically significant. In
addition, there was no evidence that
ACEs were directly associated with the
risk of diabetes in adulthood indepen-
dent of the effect via depressive symp-
toms (direct effect 0.04 [95% Cl —0.01,
0.08], P = 0.20). Model fit was poor
(RMSEA = 0.07, CFl = 0.79).

Mediation Model With

Cardiometabolic Dysregulations Only
Results of a mediation model con-
ducted with cardiometabolic dysregu-
lations as the only potential mediator
included in the model demonstrated
that ACEs were indirectly associated
with an increased risk of diabetes in
adulthood via cardiometabolic dysregu-
lations. ACEs were positively associated

with cardiometabolic dysregulations
(path coefficient 0.03 [95% CI 0.01,
0.05], P = 0.04), and cardiometabolic
dysregulations were associated with an
increased risk of diabetes (path coeffi-
cient 0.69 [95% Cl 0.48, 0.89], P <
0.001). The indirect effect of cardio-
metabolic dysregulations (indirect effect
0.02 [95% CI 0.003, 0.032], P = 0.05)
was statistically significant. There was
no evidence that ACEs were directly
associated with the risk of diabetes in
adulthood independent of the effect via
cardiometabolic dysregulations (direct
effect 0.01 [95% ClI —0.03, 0.05], P =
0.64). Indicators of model fit were ad-
equate (RMSEA = 0.05, CFl = 0.89).

Full Mediation Model

When depressive symptoms and cardi-
ometabolic dysregulations were simul-
taneously included in the path analysis
model, ACEs were found to be indirectly
associated with an increased risk of di-
abetes via both depressive symptoms
and cardiometabolic dysregulations
(Fig. 1). ACEs were positively associated
with depressive symptoms (path co-
efficient 0.04 [95% CI 0.03, 0.05], P <
0.001) and cardiometabolic dysregula-
tions (path coefficient 0.04 [95% CI 0.01,
0.06], P = 0.02). Depressive symptoms
(path coefficient 0.70 [95% CI 0.57,
0.83], P < 0.001) and cardiometabolic
dysregulations (path coefficient 0.68
[95% Cl 0.48, 0.88], P < 0.001) were,
in turn, associated with an increased
risk of diabetes. Indirect effects for
depressive symptoms (indirect effect
0.03 [95% Cl 0.02, 0.04], P < 0.001)
and cardiometabolic dysregulations
(indirect effect 0.03 [95% CI 0.01, 0.05],
P = 0.03) were both statistically signifi-
cant. There was no evidence that ACEs
were directly associated with the risk
of diabetes in adulthood independent
of the effects via depressive symptoms
and cardiometabolic dysregulations (di-
rect effect —0.03 [95% CI —0.07, 0.02],
P = 0.33). Indicators of model fit were
good (RMSEA = 0.04, CFl = 0.90).

CONCLUSIONS

The goal of the current study was to
examine the potential roles of depres-
sive symptoms and cardiometabolic
dysregulations as mediators of the as-
sociation between ACEs and incident
diabetes in adulthood. To our knowl-
edge, this was the first study to
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simultaneously examine psychological
and biological pathways linking ACEs
with diabetes in adulthood in one model
using data from a large prospective
cohort study. Overall, we found that
cumulative exposure to adverse events
during childhood was indirectly associ-
ated with an increased likelihood of di-
abetes in adulthood via the pathways of
depressive symptoms and cardiometa-
bolic dysregulations.

The findings of the current study are
in accordance with the biological em-
bedding of the childhood adversity
model (23,38). The model stipulates
that childhood stress, which can arrive
from ACEs, programs immune cells
with a proinflammatory tendency that
in turn predisposes individuals to expe-
rience exaggerated biological responses
to challenge, as well as predisposes in-
dividuals to poorer self-regulation capa-
bilities and a hypervigilance for threat,
leading to unhealthy lifestyle behaviors
and autonomic and endocrine dysregu-
lation. These factors together contrib-
ute to the development of chronic dis-
ease. Neurodevelopmental changes can
also occur as a result of ACEs, which can
contribute to later depression (23).

We also found that for every increase
in the number of ACEs, the risk of di-
abetes increased by 11%. This finding
is consistent with the effect size re-
ported by Lynch et al. (10). In our study,
we found that 44% of participants expe-
rienced at least one ACE, which is gen-
erally consistent with other reports. For
instance, a study from the U.S. found that
58.5% reported the occurrence of at least
one ACE (39). With regard to specific
ACE categories, we found that only ~2%
of participants reported having been
physically abused during childhood,
and ~6% reported parental mental ill-
ness or alcohol use problems. Felitti et al.
(1) found that ~9.6% of participants
reported being hit so hard that there
were marks or substantial injury by a
parent or other adult in the household.
They also found that ~23.5% of partic-
ipants reported having a household
member with alcohol problems and
17.5% with mental illness. Differences
in the types of questions asked may ac-
count for discrepancies across findings.

Limitations
There were several limitations to the
current study. First, the definition of

ACEs included in the current study was
relatively narrow and did not include
events such as sexual or emotional abuse.
The ACE assessment also did notinclude
any detail about the age at which the
adverse events were experienced. The
lack of cohesion between studies
on ACE categories makes it difficult
to directly compare results with prior
studies, particularly with regards to
prevalence rates of ACEs. Nevertheless,
our results are consistent with prior stud-
ies reporting positive associations be-
tween ACEs and diabetes in adulthood
(4). In addition, the reporting of ACEs
was retrospective, and thus potential
recall bias is another important limita-
tion. It is also possible that the reported
ACEs may have been partially depen-
dent on current emotional state. Long-
term follow-up studies with ACEs as-
sessed during childhood are needed to
better examine the pathways leading
from ACEs to chronic diseases in adult-
hood. Another limitation was that life-
style behaviors were not explored as
an additional potential pathway linking
ACEs with diabetes in the current study.
ACEs have been associated with un-
healthy lifestyle behaviors such as smok-
ing and excessive alcohol use (40) and
might be another mediating pathway
linking ACEs with diabetes. The media-
tion analysis potentially included par-
ticipants with only one indicator of
metabolic dysregulation, which is an-
other limitation. Finally, although most
incident cases of diabetes were likely
type 2 diabetes due to the age of the sam-
ple, we cannot rule out the possibility
that incident cases of diabetes also in-
cluded type 1 diabetes. Despite these
limitations, the current study contrib-
utes to the existing literature by directly
testing a longitudinal path model in a
large sample of middle-aged adults to
gain further insight into the potential
pathways linking ACEs with diabetes in
adulthood.

Conclusion

This study contributes to the limited
longitudinal research on psychological
and biological pathways linking ACEs
with chronic health conditions in adult-
hood with the use of a large prospective
cohort study. Identifying psychological
and biological pathways through which
ACEs increase the risk of diabetes can
help to identify potential targets for
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intervention and help improve our ba-
sic understanding of the pathways link-
ing environment, mental health, and
physical health. Although the observa-
tional nature of the current study limits
the direct clinical implications of these
findings, our study might suggest that
early intervention targeting depressive
symptoms and cardiometabolic dysreg-
ulations for individuals who have ex-
perienced ACEs may help prevent the
onset of diabetes. Overall, the current
study provides further evidence of the
detrimental psychological and physio-
logical effects of ACEs and suggests that
depression and cardiometabolic dysreg-
ulations may be pathways linking ACEs
with diabetes in adulthood.
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